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 要  旨  
直交周波数分割多重方式(OFDM:Orthogonal Frequency Division Multiplexing)は複数のサブ
キャリアを同時に送信するマルチキャリア通信の一つであり, 限られた周波数帯域が非常に有効
利用でき, さらにガードインターバルの導入によってマルチパス通信に強い特長を持つ.しかし, 
OFDM方式は送信信号(OFDM信号)のピーク電力対平均電力比(PAPR:Peak to Average Power 
Ratio)が高い欠点を持つ.  
 
今まで, OFDM信号のPAPRを低減する様々な方法が挙げられてきた. その中でSLM(Selected 
Mapping)法が良く用いられる. SLM 法は, 送信側で複数のスクランブル系列を介することによ
り, 同一情報を持つが, 互いに無相関のOFDM信号を生成し, そのうち一番小さい PAPRの信号
を選ぶ方法である. しかし, 受信側では, スクランブル情報(付加情報)が必要であるため, 伝送効
率が悪い. このため, 付加情報不要の SLM法の検討が必要である. 
 
従来の付加情報不要の SLM 法として, 拡張要素を用いる SLM 法(従来システム)がある. 従来
システムは受信側での系列推定によって, 送信側で選択されたスクランブル系列が推定できるた
め, 付加情報が不要である. このため, 従来システムは伝送効率が良いものの, サブキャリア数
の少ない場合, 系列推定による BER 特性が悪い. それに, スクランブル系列長(FFT の次数)が 2
累乗ではないため, FFT処理は効率が悪い. また, スクランブル回転角がランダムであるため, ス
クランブルやデスクランブル処理が複雑である.  
そこで, 本研究では, スクランブル系列として, 長さが 2の累乗のAdvanced M系列を用い, 受
信側の系列推定用の評価関数としてユークリッド距離で判定する場合分け関数を持つシステムを
提案した. Advanced M系列の導入によって, FFT処理が一番効率良くできる.それに, Advanced 
系列のランダム性を用い, スクランブル位相回転角として 0 とπの特定な角度を持たせることが
できるため, スクランブルやデスクランブル処理の複雑性が低減できる. また, ユークリッド距
離で判定する場合分け関数によって, 系列推定の改善が期待される. 
計算機シミュレーション結果より, 従来システムに比べ, 提案システムはサブキャリア数の少
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????, OFDM?????, ?????????, OFDM?????????, ??
???????????.
2.2 OFDM?????
OFDM????????, ?????? nf0, ????? T = 1=f0????????
???, ?????????.
an cos(2¼nf0t)¡ bn sin(2¼nf0t) = Re [dnexp(j2¼nf0t)] (2.1)
???, dn ??, ????????????, dn = an + jbn?????.
? (2.1) ?, ???? 1???????????.????? n???????????




































cos(2¼nf0t) cos(2¼kf0t) ¢ dt¡ bn
Z T
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sB(t)f¡ sin(2¼nkf0t)g ¢ dt = bk (2.5)
??????, ? (2.4)?? (2.5)???? ak? bk??, ???? dk = ak + jbk????
???????.
2.3 OFDM????????
????OFDM??? k?????????? fc + kf0???, ?????????
?? 2.1?????. ?????????, ????????????????????
??????????????, ?????????????????????? 0??





























? 2.4?? 2.5???. ??????OFDM?? sB(t)????????? u(t)????
?????????? [2].






???.? (2.7)???? dn????????????????, dn = an + jbn ????
























(k = 0; 1; 2; ¢ ¢ ¢ ; N ¡ 1) (2.8)
8
? (2.9)??, u(t)?N?????u (k=Nf0) (k = 0; 1; 2; :::; N¡1)??????????
dn(n = 0; 1; 2; :::; N¡1)?????????? (IDFT:Inverse Discrete Fourier Transform)
???????????????. ???, dn??????????????????
???????????????????? u(t)???????????.??????
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PAPR???? OFDM?????????????, ????? (HPA:High Power
Ampli¯er)???????? (?????????????????????????
?????)??????????? (? 2.6(a)). ???, ?????????????













































????????OFDM????????. ??????, ?? PAPR???????
??????? SLM(Selected Mapping)????.???????, ?????????
???????????????, ?????????? (????)????????









OFDM??? PAPR????? SLM(Selected Mapping)????????????
?????????????????????????. ???, U ?????????
?????, ?????????????? U ??OFDM????????. ????
??, ?? PAPR?????????????????. ??, ?????, ?????
?????????????????????, ??????????.???????
??????????. ????, ??????? SLM??????????.
????, ??????????????? SLM? [3](??????)???????
?.? 2??? 4???, ????????????????????????.? 3??
?, ???????????????,? 5???, ????????????????
??.
3.2 ??????
??????????????? 3.1???.????, V = (vq)Q??, Q?? vq; q 2
f0; 1; : : : ; Q¡ 1g????????? V ?????.
N ????????????OFDM??????. OFDM???????????
??????? (?????)???????????? xn???.?????????
????N ?? xn????????????, X = (xn)N ???.
X ???? bu;n???? U ??????????Bu = (bu;n)N ; u 2 f0; 1; 2; : : : ; U ¡ 1g
?????????, Xu = (xu;n)N ; u 2 f0; 1; 2; : : : ; U ¡ 1g??????.???, xu;n =
bu;n ¢ xn???.
?????????Xu; u 2 f0; 1; 2; ¢ ¢ ¢ ; U ¡ 1g?OFDM????????, ? (3.1)?














X 0u; u 2 f0; 1; 2; : : : ; U ¡ 1g??????????, ?????????. ???X 0u; u 2
f0; 1; 2; : : : ; U ¡ 1g???, PAPR??????????X 0v = (x0v;q)n????????
????.?????, PAPR?????????.
??, ?????????, ????X 0v??????????, ?????????.?
????????????????.
???????????: ?????????Bu = (bu;n)N ; u 2 f0; 1; 2; : : : ; U ¡ 1g??
???, jbu;nj = C(C > 1)??????K?, ??? (N ¡K)?? jbu;nj = 1???.?
??, arg(bu;n) = random 2 [0; 2¼] ; u 2 f0; 1; 2; : : : ; U ¡ 1g; n 2 f0; 1; 2; : : : ; N ¡ 1g??
?.???, j¢j????, arg(¢)????????.?????, jbu;nj = C???????
????????.????????????????? SLM???????.
???????????: ??N ????????? Bu; u 2 f0; 1; 2; : : : ; U ¡ 1g??
3.2??????????????, ?????????????????.??????
??M=5???, ????, jbu;nj = C?????? k = 2????. ????????
?????????????????????U = MCk = 10????.???????
????????????????????????????????, ???????
??N ?M(= 5)???????.???, ???????????, ????????
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N



































  11 1  0
 1 1 1
 1 11   2
 1 1 1  3
1  1 1  4
1  11   5
1  1 1  6
1 1 1   7
1 1  1  8







??, ????????, ????????????, ??? (HPA:High Power Ampli-
¯er)???????????, ???????????.




f1 + (½=As)2pg1=2p (3.3)









OBO????????????: ??????????????OFDM???X 0v =













A0 = A(½0) =
½0


























?X 0v = (x0v;n)N ?? (3.9)??????? C ??????????, ????????
OFDM??X 00v = (x00v;n)N ?, ? (3.3)AM/AM??????,
x00v;n = A(C ¢ jx0v;nj) ¢
x0v;n
jx0v;nj
; n 2 f0; 1; 2; ¢ ¢ ¢ ; N ¡ 1g (3.10)
?????????.
SSPA?AM/AM??????????As??????????????? 3.3??






















? 3.4: ???????? (??????)
OFDM??????W ????, ??????? T = 1=W ???????????
???, ??????????????.???, ? 3.4? ¿0????????????
??? (????)?, 4¿0 < 1=W ???????, ????????????.? 3.4?
????, ???????????????????? 4??????????.





h0z(t) ¢ s(t¡ ¿z) =
Z¡1X
z=0
h0z(t) ¢ s(t¡ zT ) (3.11)
??????.?????? h0z(t)?, ??????????????????????.
???, h0z(t) = x(t) + jy(t)??????.?? x(t); y(t)??????????, x(t)?
? y(t)??? 0????? (??)??????????????????? (??)??
?.???, ??????? jh0z(t)j??????????.?????????????
?????????. ? (3.11)?? 3.5? TDL(Tapped Delay Model)???????
??.
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?????, ??????????X 00v = (x00v;q)N ; q 2 f0; 1; 2; ¢ ¢ ¢ ; N ¡ 1g?????
????????????????????????. ?????????Y 0 = (y0q)N ; q 2




h0z ¢ x00v;q¡z + n0q (3.12)
??????. ???, h0z??, ???????, h0z(t) = x(t) + jy(t)??????.??
x(t); y(t)?????????, x(t)?? y(t)??? 0??? 0.5???????????
??????.n0q??, ???????????. ??, ?????Z = 4???.
??????????? Y 0?OFDM?????? (FFT)????, ???????
??? Y = (yn)N ??????. Y ????? yn????????.


























?????????? Y = (yn)N ?????????????.
E
£jynj2¤ = jhnj2jbv;nj2° + ¾2 (3.16)
???, ??????????????? ®u;n?????.[3]
®u;n = jE
£jynj2¤¡ ¾2 ¡ jhnj2jbu;nj2°j (3.17)
? (3.16)?? (3.17)??,
®u;n = jhnj2°jjbv;nj2 ¡ jbu;nj2j (3.18)







? (3.19)??????????, ???, ??? n???? jbv;nj = jbu;nj??????
?????.???, Bv = Bu, ???, v = u??????????.???, ¯u; u 2
f0; 1; 2; ¢ ¢ ¢ ; U ¡ 1g?????? u????????????????????????
???. ??, ?????????????, ? (3.17)?E [jynj2]???,
E




????, ??????????????. ???, ????????????????
??, ????? X^??????.
??????????? (BER:Bit Error Rate)?? (???): ??, ??????
?????????????????????????????????????, ?

























































































??????, ????O(N logN)??????????.[5] ???????????
?????N ? 2????????? 0?????????, ???????????
?.????, ?????????N ? 2??????????????.
?? 2.?????????? bu;n??? arg(bu;n)????????.???,????
??????????????????.???,?????????????????
????????.[7]????, ?????????????????????????.
?? 3.? 3.1??????????????? BER????????????? 3.7
???. ??, ??????????????N??????????????????
???.?????????? BER, ???? (3.21)?????????? BER???
??? (?????? 16QAM?BER)???????. ? (3.7)??, ????????
????????????, ??????? BER?????? (PSI-16QAM)????
??????, ??????????????.
3.7 ??








?????????N 15, 30, 65, 125, 255, 510
???????N 15, 30, 65, 125, 255, 510



































1. Advanced M???? 2????????, FFT???????????????, ?
??????????????.[5]
2. Advanced M????????????, ???? 0? 1???????????, ?
???????????????? 0? ¼?????????????????.[7]
Advanced M??? 0? 1? 2????????????, ???? 0? 1???????
?????, ????????? (????)???.????, Advanced M??????
?????????????????? (i.i.d: independently and identically distributed)
??????.[8]
????????, ???????????? 1?????????????? xn??
?? ' = 0; 0??? ' = ¼??????.????????? [7]??????????
???????????????????????????????????????
???. ??????,???????????????'? i.i.d???, ??E [ej'] = 0
?????? SLM???? PAPR????????? [7]????.
??????????Advanced M?????? i.i.d???.??, ?? 0(' = 0)???










































?? 2n ¡ 1?M??????, 0? 1???????????? 0??????? 2n
????????????.????????Advanced M?????. M???, ??
????????? (LFSR:Linear Feedback Shift Register)????????????
????????????????????, n?? LFSR?????????????








  1   1
? 4.2: ??????????? (M?????)
24
??? LFSR???????????? hi; (i = 0; 1; 2; ¢ ¢ ¢ ; k)?, ? 4.2??????
???????, ?? hi? 1????????????. ?????????, h(X) =
X4 +X + 1????? 4.3???????, ??N = 24 ¡ 1 = 15?M???????.
????, ?????????? 4.1???????????.
	 	 	 	
? 4.3: M????? (?? 15???)
? 4.1: M??????????????? (?? 15???)
SR1 SR2 SR3 SR4
1 0 0 0 1
2 1 0 0 0
3 1 1 0 0
4 1 1 1 0
5 1 1 1 1
6 0 1 1 1
7 1 0 1 1
8 0 1 0 1
9 1 0 1 0
10 1 1 0 1
11 0 1 1 0
12 0 0 1 1
13 1 0 0 1
14 0 1 0 0
15 0 0 1 0
1 0 0 0 1
?????M???????????????????? hi; (i = 0; 1; 2; ¢ ¢ ¢ ; k)??
????????, ??????????????????????, ? 4.2?????
?.? 4.2??????? 8???????????, ?? 24 ¡ 1 = 15????????
? (45)8? 2???? (0104 j0115 )???, ?????????X4 +X + 1???.[8]
?????? 4.2???????????M????????.?????M???
? 4.1????????? 2n¡ 1??????.??????????????????,
25
? 4.2: M????????
?? ?? ???????? (8????)
4 15 (23)8
5 31 (45)8; (75)8; (67)8
6 63 (103)8; (147)8; (155)8
7 127 (211)8; (217)8; (235)8; (367)8; (277)8; (325)8; ¢ ¢ ¢
8 255 (435)8; (551)8; (747)8; (453)8; (545)8; (543)8; ¢ ¢ ¢
9 511 (1021)8; (1131)8; (1461)8; (1423)8; (1055)8; ¢ ¢ ¢
M?????? 0?????? 2n??????Advanced M?????.??, ????
?????, Advanced M??? 0????????????C??????, ????
???????????Bu = (bu;n)N ; (u = 0; 1; 2; ¢ ¢ ¢ ; U ¡ 1)?, bu;n = exp(j'); (' = 0)
? bu;n = C ¢ exp(j'); (' = ¼)? 2???????.
????????????, jbu;nj = 1?????????????????????
????? xn ???? ' = 0(????), jbu;nj = C ??? ' = ¼ ??????. ?
?????????????????? Xu = (bu;n ¢ xn)N ; (u = 0; 1; 2; ¢ ¢ ¢ ; U ¡ 1)?
OFDM????, ????????? X 0u = (bu;n ¢ xn)N ; (u = 0; 1; 2; ¢ ¢ ¢ ; U ¡ 1)??
?.X 0u; (u = 0; 1; 2; ¢ ¢ ¢ ; U ¡ 1)???PAPR??????????????X 0v????







??????????????????X 00v = (x00v;n)N ??????????????
?????????????????.??????Y 0 = (y0q)N?OFDM????, ??
???????? Y = (yn)N ??????.???? Y ????? yn????????.
yn = hn ¢ xv;n + nn (4.1)


























































????????????, ?????????????? Y ????, ??????
???????????.???????????, ZF(Zero Forcing)???????. ZF
???,??????Y = (yn)N?????????????????????H = (hn)N
???????????????????????????. ZF??????????
???????? ~X = (~xn)N ????????.




? (4.2)????? ~X = (~xn)N ???, ??????????????????????.
??, ??????????????????????????????????.??
??????????????????????????????? Bv = (bv;n)N ??
?????????????, ~X?Bv?????????????? (4.3)?????.




= j? (4:2)?? j = xn + nn
hn ¢ bv;n (4.3)




??????????, x^n ¼ xn?????????, ??????X = (xn)N ????
?????.? (4.4)
xn À nn
hn ¢ bv;n ) x^n ¼ xn (4.4)
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4.3.1 ???????????
?????, ?????????????? 16QAM????.?????? 16QAM
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????????, ZF(Zero Forcing)?????, ????????????????
~X = (~xn)N ???, ?????????????. ML(Maximum Likelihood)????,
¯v =
PN¡1










¯¯j~xnj2 ¡ 2j~xnbv;nxnj+ jbv;nxnj2¯¯














¯¯j~xnj2 ¡ jbv;nj2jxnj2¯¯ = N¡1X
n=0
¯¯j~xnj2 ¡ jbvj2°n¯¯ (4.6)
??, ?????????, ¯v =
PN¡1
n=0 jj~xnj2 ¡ jbvj2°nj???.




























°n???????? 4.6???.? 4.6????? °n?????????? (???)??
????.?????????????????????????????, ?????
?? 2??????????????????? °n???.
? 4.6?????????? ~xn?????. ???????????? ~xn?????
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????, ????. Eb=N0 = 10[dB]???????????? C?????????






?????, ?????.???,???, ???? C ???????, ? (3.2)????
????????????????G????.????, ?????????????
?????????, ???????????????????.????, ??????
???????????????????, C = 1.2????????????. ???,














?????????N 15, 30, 65, 125, 255, 510
???????N 15, 30, 65, 125, 255, 510
??????
?????????N 16, 32, 64, 128, 256, 512







































Cumulative Distribution Function)?????????????, ???????.
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? 5.2??????????????PAPR?CCDF????????????? 5.2?









?????????N 65, 125, 255, 510
???????N 65, 125, 255, 510
??????
?????????N 64, 128, 256, 512

















No PAPR reduct N=64
Conventional N=65
Proposed N=64
No PAPR reduct N=128
Conventional N=125
Proposed N=128
No PAPR reduct N=256
Conventional N=255
Proposed N=256





? 5.2??, ?????????????????????????? PAPR???
???????????????.??, ???????, ???????N = 64??
4[dB], ???????N = 128?? 3.5[dB], ???????N = 256?? 3.2[dB], ??























?????????N 65, 125, 255, 510
???????N 65, 125, 255, 510
??????
?????????N 64, 128, 256, 512



































































































































































? 5.7: Eb=N0?????????? (OBO = 7[dB])
? 5.3» ? 5.7??, ????????N ????????????????????
?????????????????????.?????, ????????????
???????????????????, ?????BER???????????.
??????, OBO = 3,4[dB]???, ?????????????????????
?????????.??, OBO = 5????, ??????????????????




????, ???????????????????? (BER: Bit Error Rate)???
??, ?????.
Eb=N0??????????????????????? BER?? 5.4????OBO






???, ???????? BER??? ?(PSI-16QAM)???????.???????
??????N ???????????????????.












?????????N 65, 125, 255, 510
???????N 65, 125, 255, 510
??????
?????????N 64, 128, 256, 512


































































































? 5.12: BER?? (OBO = 7[dB])
? 5.8 » ? 5.12??, ????????N????????????????BER?
????????????. ??, ?????????????????? (N=65,125)
??, BER??????????????????????????????????
(N = 64,N = 128)????BER?????????????.
OBO = 3,4,5[dB]???, PSI-16QAM(???)??, ???????BER?????
??????????????. BER????????, ?????????????














??????? SLM? [3]???.?? SLM? (??????)?, ????????
?????????, ??????????, ?????????????, BER???




?.????, ??????????? 2?????? (= FFT???)???Advanced
M??????????? FFT?????????????.???????????






??.??, ??? 2????????????????, ????O(N logN)????
???????.[5] ????????????????N ? 2????????? 0?
????????, ????????????.????, ??????????????
????, ??? 2??????Advanced M?????????????.
Advanced M??????????? 0? 1???????????????, ???
?????????????? 0,¼??????????????.[7] ????, ???
???????????????????????, ?????.
????????????, ZF(Zero Forcing)????????????????, ?
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